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The science of aerotechnics is not yet so far advanced as
to give beforehand complete information concerning all the qual-
ities of a projected aircraft. Indeed, we coubt whether the
science will ever be developed so far. A new project will al-
ways be a risk, and to a much higher degree as the project
differs from those which have hitherto turned out well. The fi-
nal judgment can not be given before the project is put into ex-
ecution.

However the science of asrotechnics is able to give a cer-
tain amount of useful information concerning a new projeof. The
greater the risk of a new project, the more desirable is it to
apply this information which the science is able to give, and
tous to diminish the unavoidable risk as far as possible. Aero-
dynamics in 1ts present svate is well able to give valuable hints
for the development of al rexraft, and to show beforshand the cer—
tain faillure of wmany a project, the money and time for the execu—
tion of which could better have been saved or employed for a more

promising project.
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The Caproni Company recently built a ssaplane of unusual
design, the picture of which was published in most asrotechni-
cal journals. The main supportinzg surfaces consisted of three
triplanes in ‘tandem, the lower wings being attached to a mmll
which was described as providing accowodation for a hundred pas-

sengers. The chief cnaracteristics were:

Total weight 53,000 1bs.
Total horsepower 3,300 HP
Total wing surfezce 7,770 sq.ft.
Span 108 £t.

At one of the first flizhts the seaplane fell into a lake,
nose down, and was destroyed.

We wish to show in this paper that this failure could have
been predicted. It is not intended to examine the details of
the airplane which are not yet known to us. We will only consid-
er in certain respects and in a rough manner the performnange to
be expected, and examine in a manner as rough., bubt quite suffioc-
ient for the present purpose, the longitudinal stability, the
lack of which has caused the loss of the seaplane. '

The Performance.

The parasite "drag" of the seaplane, with respect to the
dynamical pressure including the parasite drag of the wings, thatb
is to say, the entire drag of the seaplane excepting the.induced
drag of the wings, can be assuied to be o § . g ; where S denotes

tue entire area of the winzs, GD a constant which can be roughly
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egtimated to be .04 for the Caproni seaplaney, and g = 1/23 P V32
the dynamical pressure corresponding to the velocity of flight
V and to the density of the air p . The induced drag is*

Lz
»*  a i1

L denoting the entire weight, and b the span of the wings. The
gap of the triplanes is not taken into consideration in this ex-
pression, but for the present rough estimation it can be omitted.
The entire draé is the sum of the two, i.e.,
(1) D=oyS.q+ ._7;_21___
. b g

Let n be the efficiency of the propellers. Then the thrust
norsepower is
(2) P.n=Vley.8.q+ L 1]

b qT

G, tae dynamical pressure, 1/3 p Va,contains.the square of V.,
P the density, depends chiefly on the altitude and decreases
about 3.3% for each thousand feet. In the present calculation
we Will assume sea level. For constant density and a particular
airplane the value of the right had side of (2) depends only on
the velocity V; and (2) can be considersd as an equation with ..
one unknown quantity, if the horsepower is gziven. By solving it
the greatest velocity possible is obtained. This solution is

performed most conveniently by substitution and trial.

* Qee Report No. 114.
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Equation (3) holds true only if the seaplane is flying at
a constant heighﬁ. If it is climbing, the enexgy required to
make it rise must be supplied by thé propellers. The flight ve-
locity will accordingly be smaller. The vertical velocity has
its greatest value when the power required for supporting the
seaplane is smallest. For then the difference between the power
delivered by the propellers and that gbsorbed by the seaplane,
is largest; and it is this difference which is at disposal for
climbing. Hence it is useful to know the value of the smallest
required power and at what velocity it occurs. We obtain the
condition of smallest power by differentiating the expression
of the power, the right hand side of (2), with respect to the
velocity V '
(3) O=30DSq—_2___Li—

b qTm

Thesa are the.equations which we intend to apply. By sub-
stituting the particular values and choosing feet, pounds and
seconds as units, but using m.p.h. as unit of velocity, we ob-
tain from equation (2):

(2a) 3,200 x 550 x 0.7 = 0.04 X 7770 x. 1 x V°
1.47

+ 53,000°x 390 x 1 x
108° m

g

<

(av) 1,840,000 = 796 V° + 39,900,000
. v

That is, V = 85 mi./hr., the maximum velocity of flight.
The differentiation of the right hand side of (2b) gives
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(3a) 3.39 ¥ - 39,90%5000 =0

Vv =% 89,900,00¢ = 59,5 mi./hr.
3. 39

The required power at this velocity is

3¢ P =[0.796. 58.5° + 89,900,000 7 1.47 -
(3c) n 0 5 ’ 299, ] s 1,810 HP

The entire available power, if the efficiency of %the Propel-
lers is taken as 70%, is 3,200 x 0.7 = 2,340 HP; so there remains
for c¢limbing '

8,340 - 1,810 = 430 HP

The rate of climbing is %- = §§%§%65597= 4.5 ft./sec.

This corresponds to 220 seconds for 1000 feet.

The calculation, of course, is only rought, and can givé on-
1y an indication as to the performance to be expected. The cal-~
culation could be improved very much if more details were known
and taken into consideration. For the present purpose, however,

the result is exact enough.

The Longitudinal Stability.

At first sight the dimensions of the C aproni seaplane seem
,almoét to be incompatible with longitudinal stability. Any sec—
tion of wing used in practice has a forward motion of the center
of pressure, if the angle of attack is increased. Hence they are
longitudinglly unstable and require a speclial contrivance for
ccunterbaiancing, ordinarily a tail plane. The Caproni seaplane

has no tail and no special tail plane.
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Now it is true that the third triplane can act as a tail
plane if its angle of attack is correspondingly smaller than
those of the first two triplanes. In this case the first twq
triplanes must support the craft almost by themselves, and the
third triplane acts only as stabilizer. 'But even then it seems
doubtful whether the instability of the wings can be counter-
balanced, as a tail plane is only gble to be effective if there
is not too much wing area in front of it.

For the present,purpose it is sufficient to show this for a
monoplane with a tail plane behind it. The result obtalned for
it can be regarded as the first approximation for any other ar-
rangement. of wings.

The tail plane is situabted in the downwash produced by the
wing in front of it. Its effective angle of attack accordingly
is smaller than the actual (or geometrical) angle of attack.

The difference equals the.angle between the direction of flight

and the direction of flow of the surrounding air relative to the
alrplane. Hence the 1ift%t is generally smaller than it would be

without the existence of the downwash.

Let this"difference between the actual and the effective
angle of attack be called the "induced angle of attackm", it be—-
ing caused by the wings in front of the tail plane. It is pro-
portional to the coefficient of 1ift of the wings, and at the
gsame time, to the actual agle of attack of tﬁe tail plane.
Whence it follows that the ratio of the actual and the effective

angle of attack is"qonstant and independent of the angle oxr the
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velocity. The percentage by which the effective angle of at=
tack is smaller than the aciuzl angle is practically constant
for a particular airplane and depends only on ths dimensions of
the airplane.

The more wing area in front of the tail Plane, the greater
is the ratio of the induced anzle to the actual angle, and if
the area increases more and more, we arrive at last at a linmit,
where the induced angle is as great as the actual one. In this
case the éffective angle is zero, and the tail plane has always
the same angle of attack with respect to the air surrounding it.
Hence it can no longer produce stabilizinz forces. If the area
of the wings is increased still more, the effective angle even
becomes negative and the airplane is less stable with the tail
plane than without it.

To make this idea practically useful, we will proceed to
caloculate the ratio of the two angles. This can be done approx-—
imately in general. A% small angles of atvack the coefficient
of 1ift of the usual sections, ‘E&%ﬂi, increases by about O.1,
if the effective angle of attack increases by 1°. This effec-
tive angle is not identical with the actual angle. Even if
there is no other body in the neighborhood, the wing is surround-
ed by downwash produced by itself. The angle of attack corres—
ponding to this downwask is properly called the "self induced?
angle of attack. For a particular cosfficient of 1ift the ef-
fective angle of attack must be increased by this self-induced

angle in order to obtain the actual angle. The self-induced
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angle of attack has a magnitude*®

(4) a; = —%— x57.3°= %L ° x57.3°
™ ] q ™ -D 2

as is proved and demonstrated elsewhere.** The angle of attack
induced at some distance behind the wing has almost twice this
magnitude. The mathematical theory gives exactly twice the mag-
nitude, and experiments have shown a maznitude of about 10% less
than twice the self-induced angle.

That is all we need. For , increasing the coefficient of
lift by a certain amount z&cL, the effective angle of attack
must be increased by 10°. & cg, the self-induced angle increas-
es by -—5-—7—_’—50 S A o s and therefore the actual angle must be

T bz
increased by the sum of these;

- o 57.3° 8
(5) Ac:——AcL[ 10 +—Tr——-.ba]

The induced angle of attack behind the wing at the same

time increases by

- 57.3° S
(6) 2ha,= 3 Ao 35L3°. 5,

The increase of the effective angle of attack of the tail

plane is the difference between {5) and (6), that is

= ¢ . 57.3 8
(7) AB = Do [10° 5.3 8]

The tail plane is ineffective if the expression in the

brackets is zero. In order to obtain a stabilizing effect we

* Technische Berichte, Vol. II, p. 187.
*¥* peport No. 114.
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If we take the smaller amount of the downwash behind the
wings, obtained by actual tests, we obtain as a limit

(8a) S < 0.7
=2

(8) and (8a) are the fommulas we alluded to. The same consid-
eration also holds true for a more complicated system of wings.
It is true that the right hand limit in (8) is then somewhat
changed. But the new value is not greatly different from it and
the first examihation can be made with formula (8)

For the Oaproni sesplane e = “ii%: = 0.68

That is about the limit set by (8a)- It would be necessary

therefore to examine the effectiveness of a tail plane behind

toe triplane more carefully. In any case, this tail plane must
belunusually large in order to neutralize the considerable de-
crease of the effective angle of attack caused by the downwash.
Now the Caproni sezplane has no tail plane behind the third
triplane and we therefore can omit this examinaftion. If we con-
sider, on the other hand, the third triplane to act as a big
tail plane, we have only to take into account the wing area in
front of its, This is only 2/3 of the complete area; that is,

2 .
% 2”15 only .43 and it may be possible that the balancing cap-

b
acity of this big tail plane would be sufficient. But we see
that even the wing area in front of the last triplane is by no

means very small when compared with the limit determined above.
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However, the third triplane acts only as a tail plansg un—
der the condition that its actual angle of attack is consider-
ably smaller than those of the two other triplanes. The fi rst
two triplanes must support the craft almost by themselves. The
center of gravity accordingly must lie between the first two tri-
planes, at least near the middle point between them. The arrang-
ments of the different parbts of the Caproni seasplane, however,
indicate that the center of gravity does not 1lie there, but that
it is in the neighborhood of the second triplane. The third tri-
plane is not constructed as a tail plane but is designed to sup-
port one~third of the craft. This can be seen from the photo-
graphs of the seaplane. , )

The center of gravity of the empty hull is obvivusly near
the second triplane. The 100 passengers seem 10 be distriputed
along the hull; its length, according to the photographs, is
abgut 60 ft., its brecadth seems to be nor more than 8 ft. The

floor area is about 480 sq.ft., that is, not even 5 sq.ft. for

one passenger. I{ can not be much less. The windows of the hull
also justify the assumption that the whole is occupied by the pas-
sengers. The weighis of the three triplanes obviously are equal,
and their positions are such thav their common center of gravity
is in the neighborhood of the second triplane. The craft has
eight engines which drive six propellers. The photozraph shows
four engines driving three propellers in front of and within the
first triplane, and an equal aggregate at the third triplane.

Thelr common center of gravity also lies in the heighborhood of
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the middle of the segplane. There remains only the fuel. Its
welzht even at the beginning of the flight is not great enough
to change the position of the center of gravity very much., If
the number of passengers is really 100, the craft can only car-
ry a small guantity of fuel in any case. At the end of the
flight the weight of the fuel is certainly small, and then it
can not influence the position of the center of gravity consid-
erably.

We think that by all these facts the position of the cen-
ter of gravity in the middle of the craft is sufficiently der

monstrated. In this case, the seaplane is excessively unstable,
It is not necessary o mention that the instability of the
three sinzgle triplanes adds up and is in no way counterbalanced.
The three triplanes form as it were, one big wing which as a
wnole is unstable beyond measure. ‘

In & certain state of flight let there be equilibrium, no
matter whether produced by the effect of the controls or by dif-
ferent anzles of abttack of the triplanes. Now, let the angle
of attack to e slizhtly incregsed and consider the increase
of the 1ift of the three triplanes as a consegquence. In this
paper we intend to simplify the theoretical connections as far
as possitle, preferring greater clearness to a greater exactness
in the result. For this reason, it will be assumed that the
wing or triplane induces no downwash on any wing in front of it,
and in fact, the induced downwash in front is not greabt. The
induced angle of attack on the wing behind if shall be assumed

to ve twice the self-intuced angle of attack.
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Let Ag be the increase of the angle of attack. The in-
crease of the actual angle of attack of each of the three tri-~
Plenes is identical with & o , but the increase of the effective
angles is smaller. For the first triplane the increase of the

self-induced angzle of attack is

= 57.5
Aai 1—0——:? -%2 i BIISB,Y:: mABl

where A B3 denotes the increase of the effective anzle of at-
1

tack and
= DB7.3 8§ A
TN B2 (Definition)

Hence, the increase of the effective anzle of attack is

AB =Aag-ma % , and therefore
A«
AB = < T= (compare (B) ).

The second triﬁlane not only experiences the increase of

its self-induced angle of attack m . A %; but also the induc-

tion of the first triplane 23 nmA [31=-12’+mm Ao . The increase

of its induced angle of attack is

om DAo+ ABZ, =A o~ ABZ, hence

1 +m
. ” 1 2 m
Aﬁ::Ad —l'i‘m —Aﬁ[—-—“gm ]
—_—— 1+m
° 1 +m (L4}

For the thizd ériplane with the increase of the induction

m AR +A«a [

=A - A
+ m (“‘:7;52] ¢ i

the increase is-
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4dm 407

1 - —0 +, =1 1 4 4 nf
AB =Ax 14+  (1+m)R= AaGm @ +nPt 3 +m)“>
8 1 +m . . . .

The 1ift of thé three triplanes increases proportionally.to
these calculated increases of the angles of attack. If the cen-
ter of zravity is assumed to be situated at the second triplane,
the increase of the 1ift of the third triplane does not counter-
balance that of the first. If the distances between the three
triplanes are equal and denoted by ! there remains a moment

which is not counterbalanced

H=14a .5735. g [ﬁ)ﬁ‘——(—%—%f;]

where, S/3 is the area of one triplane and q the dynamical press

sure«

For the Caproni Seaplane

n = B57.3. 8 2573 , _3 .77

= 0.4
10w 3° 0w 108°
y=4a_ b _ 4. 7100
_ lbs. _ | .
For q = 80 %%, t = 14 ft., we obtain

M=4Aa. 1,980,000 lbs. ft.
The moment of inertia of the seaplane with respect to the center
of gravity and the horizontal axis from left to right may hotrbe
very different from 150,000 lbs. ft. sec: The time required to
increase a deflection %o the "e" fold of the orizinal value is

150,000 =
T, 980,000

27 sec.
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The instabilitv due to sections of the wings is not taken invo
account in this discussion.

In spite of this great instability, there is no danger if
the angle of attack has become very high. For at a very high
angle of attack the 1ift of the first triplane ceases to increase
and then the airplane is in stable equilibrium. There can how-
ever be no stability for small anzles; and in this manner the
accident is said to have occurred.

The calculation which we have made does not claim to give
an accurabe result. It is only roughly made. The entire theoxry
of stability is not yet very far developed. We do not even know
how great an instability is allowable wi thout endangering the
airplanes

Experience has shown, however, that an airplane can be al-
lowed to be only slizhtly unstable. The instability due to the
change of the center of pressure of the wings is too great al-
ready and must be counterbalanced. The preceding calculations
show that the Caproni Seaplane “vas exceedingly unstable. An
accident as that which really occurred at one of the first flights
or at the first flight perhaps, is not, therefore, surprisirg or

unexpected.
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